as Al) on T c (listed in Table 1 ). This provides a hint that dislocations play a more profound role than behaving as mere impurities, yet no qualitative picture has been established to clarify its role, nor quantitative for that matter. A microscopic understanding of the electron-dislocation interaction mechanism in a dislocated superconductor has merit from not only a fundamental perspective, but also from a practical perspective, with the potential to provide guidelines for tailoring a material's superconducting properties through dislocations.
In this study, we show that the quantization of a dislocation itself, namely "dislon", is one suitable approach to tackle this problem. By generalizing the recently developed 1D dislon 12, 13 to 3D space, the resulting 3D dislon shows interesting statistics on its own, going beyond purely Bosonic or Fermionic behavior. This deviation is due to the topological definition of a crystal dislocation
, where u is the lattice displacement field vector, b is the Burgers vector and C is an arbitrary loop enclosing the dislocation line 14 . To explore the significance of this quasiparticle, the electron-dislocation interaction is studied in the present work, where the electron effective Hamiltonian is obtained using a method inspired by the Faddeev-Popov gauge fixing approach 15, 16 to impose the dislocation's topological constraint. The effective electron Hamiltonian is shown to be composed of three terms -a diagonal quadratic term (noninteracting electron), an off-diagonal quadratic term (classical scattering which changes electron momentum) and a quartic term (quantum-mechanical interaction coupling two electrons). The elusive role of the crystal dislocation on superconductivity is clarified as the competition between the two offdiagonal terms, where a generalized BCS gap equation incorporating both the classical and quantum interactions is derived. To validate the theory, the Tc of as many as ten dislocated superconductors are compared and excellent agreement is obtained. In particular, this theory provides a quantitative criteria for that which determines the change in T c: a superconductor with low elastic moduli, small Burgers vector, high Poisson ratio, small effective mass, high Debye frequency and high density of state at the Fermi level. Most importantly, in a confined environment, such a superconductor tends to exhibit an increase in T c when dislocations are introduced. Our theory provides a plausible explanation to the mysterious origin of the dislocation induced superconductivity in PbTe/PbS superlattice at nanoscale.
The foundation of a quantized dislocation
The best way to understand the quantized dislocation is most easily done by comparing it with a phonon.
A phonon is a quantized lattice wave which can be mode-expanded in terms of plane waves 17 : 
where A is the sample area, u k is the dimensionless displacement, and ( ) F k is an expansion function.
For later convenience we use s to denote the 2D momentum perpendicular to the dislocation direction (
x y k k ≡ s ), and κ as the momentum along the dislocation direction, i.e. 
where n is the glide plane normal direction, b is the Burgers vector, and ν is the Poisson ratio. The reason for the specific form in Eq. (2) and (3) A brief comparison of a phonon and a quantized dislocation (aka dislon) is provided in Table 1 .
The 3D dislon Hamiltonian
By substituting the dislocation's displacement vector ( ) u R in Eq. (2) into a classical Hamiltonian composed of kinetic energy 
is a mass-like coefficient in which L is the system size assuming that the dislocation is located in an isotropic solid with box length L, is the canonical momentum The form of. Eq. (5) appears to be similar to the case of the phonon, but with a momentum-dependent mass term. However, there is a huge difference due to the topological constraint set by Eq. (4). Defining
it can be proven that the usual Bosonic canonical commutation relation [ , ] a a δ
kk is indeed incompatible with the boundary condition of Eq. (4), yet compatible with the following quantization condition (Supporting Information III) [ , ] sgn( ) a a δ
where sgn( ) k is the vector sign function. A few properties related to vector sign functions are discussed in Supporting Information IV.
It is well known that a constraint may result in a breakdown of a canonical quantization condition 18 . For instance, dimensional constraint leads to anyonic statistics 19 . Here, the dislocation's constraint is also
shown to be incompatible with canonical quantization condition, as shown in Eq. (7).
In other words, the topological constraint of the dislocation given by Eq. 
where we have used the fact that ( ) 0 Ω = = k 0 , and the short-hand notation of 0
The necessity of two fields in representing a quantized dislocation very much resembles a Dirac monopole 20 , where two magnetic vector potentials have to be defined for the south and north poles.. In both cases, a single field quantity -whether a classical vector potential or a quantized Bosonic field -is simply not sufficient in describing the topological nature.
The electron-dislon interaction
The generic electron-ion interacting Hamiltonian can be represented using the deformation potential approximation as 
in which the electron-dislocation coupling constant is defined as
where N is the number of ions in the system, V is the sample volume, and D N is the number of dislocations (Supporting Information VII). A brief comparison of an electron-phonon vs electron-dislon interaction is also provided in Supporting Information VII.
Effective field theory of electrons
To see how the electron-dislon interaction of Eq. (10) In addition, the relaxation rate Γ k of classical scattering is fully consistent with semi-classical theory, Interestingly, the effective attraction interaction mediated by a dislon shares some structural similarity with the interaction mediated by a phonon 23 , which leads to phonon-mediated superconductivity. Here the interaction has a different coupling constant and the phonon dispersion ω q is replaced by dislon dispersion Ω q , as shown in Table 1 .
The influence of dislocations to superconducting transition temperature
Now using the effective electron Hamiltonian of an electron-dislon interaction (Eq. (11)), and incorporating the effective electron Hamiltonian from electron-phonon coupling, a generalized BCS equation taking into account both dislocations and phonons is derived using an auxiliary field approach 24 , which is capable of computing the influence of a dislocation upon the superconducting transition temperature (Supporting information XI) 
where * m is the effective electron mass, and F k is the Fermi wavevector.
From Eq. (12)- (14), the role of a dislocation to a material's superconductivity becomes clear: it is governed by the competition between the classical scattering Γ and the quantum interaction dis g ( Figure   1b ). It also becomes clear that if the quantum interaction dominates , the superconducting transition temperature c T increases compared to a pure crystal, and vice versa. In particular, the near-linearity of the 
to estimate whether the presence of the dislocation will increase or decrease c T . The reason we use the ratio Eq. (15) as an indicator is that the dis n dependence is cancelled out in Eq. (15), a quantity not measured in many experimental reports. In addition, as shown in Fig. 1b, along 15) is that a combination of electronic properties and material properties, which are generally considered independent, appear to coordinate together to determine the superconducting properties.
Comparison with Existing Experimental Data
Now we are ready to compare the theory Eqs. (12) and (15) with existing experimental data. In fact, the advantage of Eq. (15) is quite straightforward, since the dislocation density dis n -which is required to compute the absolute magnitude of dis g and Γ but is often missing due to the paucity of experimental data-is cancelled out and does not appear in Eq. (15) (See Methods). We see that even when relying on the simplified expression of dis g and Γ as in Eqs. (13) and (14), the predicted c T show excellent quantitative agreement with existing experimental data ( Table 2 ).
In addition to the small influences of dislocations on superconductivity, it is worth mentioning that in some semiconducting monochalgogenide nanostructures 26, 27 such as PbTe/PbS superlattice, introducing high-density misfit dislocations could directly drive a semiconductor-superconductor phase transition.
Although some qualitative explanation of the pressure-induced phase transition or dislocation-induced flat band 28 in PbTe/PbS, where we have assumed that the system size is the dislocation grid size) 26 , and high electron density of state caused by the formation of flat band 28 , the estimated quantum-toclassical ratio according to Eq. 
Conclusions
In this study, we show that due to a dislocation's topological constraint as given in Eq. (4), a quantized dislocation, the "dislon", is indeed composed of two Bosonic fields (8) . As a result, we show that there are two distinct types of electron-dislocation interactions: besides the well-known classical scattering where electron momentum is changed, a new type of interaction is revealed, which could couple electron pairs through a dislon (Eq. (11) 
Methods

Experimental Data
Simple material data for metals are taken from the Landolt-Börnstein database 33 and a few others [34] [35] [36] to ensure consistency, while the data for dislocated superconductors are taken separately [37] [38] [39] [40] [41] [42] , which are all compiled in the 
